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A study of megnetic-secfor mass spectrometers has been
conducted to test the feasibility of employing such instruments
for making analyses of plhne'ary atmospheres, A number of designs
of spectrometers were tried, as were appropriste transistorized
electronic circuits, A prelimlnary study of ¢ miniature sputter
ion pump was also cerried out,

The investigations showed that essentisily all but the weight
specification given in SW-2751 could be met, It is likely thet
further studies will result in weight reductions, This wo'uld
certainly be the case if a reconsiderstion of the entire prodiem

showed that some of the other specificetions could be modified,
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‘ 1« STATEMENT OF THE PROBLEM

This is a report on s study program initiated to examine the
practicality of empioying & magnetic secior mass Spec'r;o'neter for
determining the composition of a planetary afmosphere such ss one might
find on Mars. In undertsking the study, the work statement provided by
_the Jet Propulsion Lsboratory (SW-2751, January 12, 1962) was used as o
guide, This statement éave certain psrameters relating fo the
atmosphere to be expected, the performance of the instrument and technical
requirements. These specifications, together with an additiona! one, are

enumerasted below and will be commented on jater in the present report,

A. Assumed Martian Atmosphere Model

f. Atmospheric pressure'a! the surface of Morss
40 mb Py 140 md

. . . 2. Composition of stmosphere (voiume %)
O - Hx0 -0.1% tvapor)
0 &Nz 1008
0 co, 153
0 02 (0%

0O Ar -~ 20%
3. Tempersture at surfsce: 200°% T - 300°%

) 4. Density ot the surfaces 4.6 x 10> gm/em> <. 3<2.4 x 10”4 gm/om®

5, Probable sampiing 1imitss
Psp={5mb to 140 md
Tep = 150% to 300°%K ]
-5 3 e | 3
sp = 3.5 x 10 gm/cm™ to 2.4 x 10 gm/cw

6. Change in composition over sempling limits will be negligible
with the possibie exception of H 0. '

8. Relevant date obtained from other experiments.

te Continuous pressure meaSuremeMs.
‘ ' 2. Continvous tempersture measurements,
3. Altitude measurements, ‘
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. C. Sempling conditioa,

2e

3

One or more discrete or continuous samples of the Martisn
atmosphere will be analyzed,

Sampling will be from s dynamic system with the gas flowing
past the copsul® st a3 rate of 50 to 150 feet per second,

Maximnum anslysis plus data-transmission time wi{i be no more
than 20 minutes and no less than 5 minutes,

D. Mass Spectrometer opergting parameters shall be such thet it
shall operate uniformly over the full snalysis period (~20 minutes)
impiying that ¢ sufficient vacuum in the system is maintained
throughou! the transit time of approximately six {6] months and
during the anaiysis time,

€. Technical requirements,

2.
3.
4,

® :

Weight - the weight of the entire a2xperiment (including
associsted efectronics) shall not exceed five {9) pounds,

Volume - 800 cubic centimeters per pound maximum,

Configuration - rectangular box,

" Sensitivity - abitity to detect at {east O.1 volume per cent

components,

Accuracy - + 10% on 1% components; ¢ 5% or better on 803
compcaents,

‘6 Resolution -
. = 25 or petter
YRt
7. Moass Range - 12.50 enw
B. Spectrum scanning time per sample shall be 20 to 60 seconds,
9, Nominal power requirementss
8. Not to exceed six {6) watts during operation.
b. Voltage eand wave form of power required may be suggested
by contractor, Power available from spacecraft is as followss
{i} 28v DC-.- used primerily for operating refays and smell
motors,
(1) 2400 cps, SOV peak (100V p to p} square wave. Rise and
fall times 30 microseconds. Voltage reguletion: + 2%
generally used in scientific transformer-rectifier units
to produce DC voltages end as basic "clock®,
(ii1)26v rms, 400 cps, 3 phase sinusoidel wave < primerily
e+t i e e e used for motors., —
<«
‘ : . We understsnd that this power or equivalent is to de used for operating

our electronlcs,

b
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10, Output signal - 0 to +3 wvolts,

1. Sompling Constraints

8. One or more samples shall be analyzed dependent on gas
toad tolerances of system which is governed by inlet
system conductance and pump capacity. ‘

b. Sampling representative of the Msrtian stmosphere is
required,

12. Stray magnetic field of instrument at distance of 3 feet
should be fess than | y. (This specification was not in
original work statement)

1I. STUDY PROGRAM UNDERTAKEN
Although magnetic sector mass spectrometers have demonstrated their
value in the faboratory--indeed, are the most common type used--they have
not generally been considered appropriate for space investigations. Th!s
atiitude probably stems primarily from two considerstions: (1) - A magnet
is employed and magnets are thought of es being heavys thus the instrument
must necessarily be heavy, and (2) becasuse the mass spectrometler must
share s place wifh other instruments in a space vehicle,-parﬁculquyﬁ
-magne tometers, the stray magnetic field may interfere with the operation of
such other instruments, . |
While these points have merit, they tend fo.ignore the fact that e
magnetic sector instrument is extremely simple electronically as well as
being compact, and as a result, the overall weight and power consumption
may be comparasble with that of alternative types of instruments, Also, with’
s proper!y designed msgnet, the stray fleld #;a'; be {ow and henc'e not
ob jectionable, 7

A consideration not taken into account is the important fect that in

Sid (iK€} ino0G some type Oi & puip wili have {0 be empioyed 1o hoio the

preéssure in the insirumeni fo @ iow value whife the capsule descends into

the planetary atmosphere, Of the verious pumps which one can consider,
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some type of a getter or sputter pump seems most promising. To our

knowledge, no one has developed & successful sputter pump which does

not employ & magnet, All commercially avaitable pumps employ rather

heavy magnets having extremely high stray fietds, Thus if & sepasrate

ion sputter pump were to be employed with a non-magnetic mass spectrometer,
most, 1f not all, obvious advantages of the non-magnetic instrument would

be lost, Under the circumstances, the attractive possibility of using

for an ion sputter pump the well-shielded magnet already evailable in

the magnetic spectrometer would appear well worth investigating in some .
detail,

The remainder of this report wii{ describe {|} experiments undertaken
to test various components, {2) & proposed design based on information
available as of the time of prepsring the report, l}) per formance
characteristics to be expected from the proposed design,.(4) -power, weight
and other parameters to be expected, af)d {5) recommendations on furmer
- studies,

A. Investigation of magnetic sector instruments,

1« A S0° deflection, Z;Ench redius instrument,

On the basis of previous experience with a 50° two-inch instrument, it
was realized that an instrument heving a radius of curvsture of two iches
- in the magnetic field would almost certainly be too he;vy to meet the
specifications for the present program, On the other hand, in view of
the extremely tight time schedule for the program and the inability to
obtain Alnico of proper dimensions in a reasonable time, It was felt best
to construct a two-inch, 90° instrument using materials on hend. Such e

study would enasbie one to check ther_st'(gwa_lsI_Qrgggrll_e_s of the magne?

design proposed and to construct. an instrument which would serve as e
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facility for testing various components as the program progressed,

The 90° rather than 60° ins?rmnf was consiructed in order to gain
experience with a design slightly different from that previously s'ud'ed!"
Fige | is & schematic drawing of the mass spectrometer tube, The

source and collector housings were turned from type 303 stainless

2) ¢ om 0.500" 0.D.,

sfeel, The flattened snalyzer tube was formed
0.020° wail, iype 303 sisiniess sieei ftubing and hard-soidered to the
source and coflector housings, The source and coliectors. were mounted
on flanges and inserted as indicated, By means ‘of the pump lead shown,
the -tube could be attached to a manifold for ‘evacuation and edmission
of ges, The tube, together with its magnet, is mounted on an siuminum
plate. Fig. 2 is a pho tograph showing the mounted spectrometer tude,
The magnet is in place. The end shield plates on the magnet have been
remow;-d to make it possible to see the magnet poles ‘and the flatiened

portion of the magnetic anelyzer, Fig. 3 shows the shield plates in

plece. Their role in reducing the stray magnetic fieid will be discussed

“more fully in connection with the 60° {,5-inch Instrument, In both these

figures,the ion source and collector sssemblies have been removed,
Figures 4A, 4B and 4C give the detail!s of the ion source referred

to in Fig. | ond used in oll the tests to be described in this report,

In summary, it can be seid to resembie lon sources used in the past in

this laboratory, The glass ball insulators provh_ie 8 rugged construction

which will survive vibration .and drop tests,: ‘fhe hairpin filament made

of 0,003 tungsten wire consumes only 1.3 watts., Since the hairpin

bk

hepe minimized the forces producsd by the megnetic coltimating flels,




.-. result that! one can diminate the power loss which would result if a
converter to direct current had to be supplied,

Figure 5 is a photograph of the ion source, The source used here
was constructed with the thought of having maximum flexibility so that
one might readily make changes in order to try different designs, In
a flight modet one obviously wouid not have the heavy flange shown, end

every effo-t wouid be made to reduce weight,

The -ion collector sssembly aiso was mounted on s flange, and the
construction followed closety that emp loyed for the source. Fig. 6
g{ivesv the detsils., As for the source, the general arrangemém follows
that employed for some years in this taboretory, Obviously in s flight
model, the weight could be reduced drasticsily. Fig. 7 is a photograph.
One of the two electirical leads is for the collector itself, the other

. for an eleciron repeller plote in front of the collecfor. Wwhen subp!ied
with 8 negative potentiaf, this plate prevents secondary electrons emitted
from t-he- collector or the defining siit in front of it from interfering
with the reading of the ion currents to the collector,

Fig. B is a spectrum obtained when air at a pressure of 5 x |0°6
is present in the tube. [t is seen that the sensitivity and resolution

. s 1
are sufficient to detect rare components, For example, the O 60'8 ion

sppesring at mass 34 and having an sbundance of 1/250 of the 0'60'6 peak

ol mass 32 is cleeriy visibie, Aiso whiie ihe “!5“_!4 pesk appesring at

mass 29 and having an abundance of approximately ll.l35 of the N“N“ 'peak
at mass 28 is not completely resolved, it Is clearly below the one percent

ievei set in the specificetions for ions in this genersl mess renge. In

S6. RELOR M. £ 2543

Tinis pariicuier fesly, the instrument had not been DoKed pariicuioriy weidy .
‘ and stray residual pesks were present, These con be seen in the region
eround argcen {mass 40} and at 30. During these tests, the coz residual

{mass 44) also was somewhat higher than normal. Since the instrument

/0
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emplcys a permanent magnet, mass spectrs are obtained by continuously

changing the ion accelerating voltage. For the magnet used, the field

strength in the gap was 2800 gauss. Hence with the 2-Inch radius, the

28 pesk is focused for en ion accelerating pofeﬁtlal of 365 voits, The

-mass collected is inversely proportionsl to ion accelerating voltage,

The various spectra shown in this report were obtained by sweeping the
Qoitage at a8 raiher siow rate wiith » motor-driven poteniiometer, This
slow rate {approximately 3 minutes for a spectrum) was adopted merely

to make cerfain that the retatively siow recorder employéa would

respond, énd also $o make it convenient to switch anplifier sensitvity

to appropriate values at different points along the spectrum. The
amplifiers employed have sufficiently good time response to permit
spectral sweeps in as short a period as a few seconds!', For the Martien
flight we would recommend & spectral sweep time of perhaps five or ten
saconds,

Although the 2-inch 9C-degree instruﬁent described here would more
than meet the performance specifications, it was abandoned as too heavy
‘v meet the weight specifications. The shielded magnet weighed 54 ounces.
Even so, the magnet yoke was only 0.125 inches thick, and the shield
plates 0.065 inches thicke With these thicknesses, the stray magnetic
field was far too lerge to meet the specifications. An increése to a
suitable wall thickness would have increased the weight considerably.

Thus the 2-inch-size instrument was sbandoned in favor of a 1.5 inch model.

2¢ A 90° deflection, l.5-inch-radius Instrument,

The tesi= on the S0° defiection, Z2-inch-radius instruments showed

- = 2l e =2 2. H CE S SIS WUV S S Sh— —
Cigoriy tho! one GIGwTT WETT i0 Tonsarou sh snsirtunsnl 85 ia0 g< a3

this, . Hopefully, by cutting the size one could reduce the weight

"




- resolution and sensitivity in the smaller instrument are adequste to
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sufficiently 1o meet the weight specificetions without making too grest

a sacrifice in performance, Thus the nex! spectirometer tudbe tested

. employed 90° deflection with a 1,5-inch irsjectory radius. The source

and coilector housings were identical with those for the 2-inch instrument,

and the same source and collector were employed, Thus the sppesrence

of the tube was the same as shown in the schematic drawing of Fig, !

and the phofograph of Fig. 2, Details of the magnet will be dlgcussed

in the section dealing with the 60° deflection, l;5-lnch-radiqs instrument,
fig. 9 shows the spectrum obtasined when air ot o pressur? of 5 x 16’6

was present in the tube, In compering the spectrum with thst found for

the 90°, 2-inch tube (Fig. 8} one sees that the resoiution clearly is
. k J

less, This is to be expected since the same source and collector were
employed as before, and the siits were not changed. The dispersion is

directiy proportional to the radius of the instrument, Nevertheless the

- meet the specifications of the probtem, Because of the more efficient

magnet yoke employed in the 1.5-inch Instruments tested, the field
strength in.the air gap, 3540 gauss, was larger then in the 2-inch
instrument, Thus the 28 pesk wes collected when the ion sccelerating

voltage was 310 volts,

3. A 60° deflection, 1,5-inch-radius instrument,

Although in principsl the resclution ond performance of a magnetic
sector instrument should be independent of the magnet sector engle, the
smaller the angle the greater the proportion of the trejectory which is

in the noa-uniform field at the entrance and exit regions, Also because

- - the inecTUS Slowiag Tnei iive source siit, epex of magnet sector, and

collector siit aoll tie on & stroight line in order to obtain first order

/4
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direction focusing, the smaller the angie the further apert will be

the source and collector, and consequentiy the less compact will be

the instrument, Balanced .against these adverse factors is the important
consideration that a large pert of the weight of the total instrument
is in the main deflecting magnet, and the smaller the angle the less
will be the weight of the magnet, As a metter of fact, except for the
end shields used to reduce the sfrg‘y fleld, the weight of the magnet

is salmost directly p-oportional to the defiection angle. In view of

- these considerations it was decided to construct a 60° defiection,

l.5-inch-radius instrument, Again the housing of the spectrometer tube
resembled those used in the esriier tests, and the same source and
cﬁllécfor assemb!ies were employed,

Fig. 10 is 8 schematic drawing of the 60°, ‘1.5-inch-radius instrument,
Fige 11 is a photograph shawing' the tube '-co&plete with maghe‘l and mounted
on its aluminum base plate and connected to the pump stand, The
orientation of the tube corresponds to that in Fig. 10. This photograph
also shows s portion of the test stand empioyed for the studies reported
here, The targe vaive block Qoward the fower left hand corner of the
picture permits connecting the sbecfro;nefer tubé ‘to various pumps and
also serves as 8 manifold for admitting air or other geses,

Fig. 12 is » spectrum obtalned when air at s pressure of 5 x |0°6 forr
is present, 1t is seen that the resolution . is inferijor to that found‘
for the 90°, |.5-inch instrument, Nevertheless the resolution sppears to
meet the specification of having the background down to one percent of e
peak height when one moves one mass unit away from a pesk in the region of

mess 25, The sensitivity of the instrument is such thet witn the pressure
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of 5 x I()'6 torr in the source, the 28 peak in air has an intensity

of spproximately 5 x lo"o amperes, Since the amplifiers employed

13

- 10«

have s noise level of 10" amperes or better when a |0'° ohm input
resistor is used, one cieartly could narrow the slits and thus improve
the resolution and still meet the sensitivity specification of 0,18,
The present tests were 2!l conducted at & source pressure of 9 x |0°6
torr. One can readily operate the source at 5 or 10 times the pressure,
especially if o differential pumping system is employed between source
and anolyzer regions, 1t thus appears thst a 60°, 1.5-inch or even smaller
instrument can meet the resolution and sensitivily requirements,

The remainder of the present report will assume that this is the
type of instrument which will be employed in further studies. If
subsequent considerations point to the desirability of changing‘ the size

or-geometry, it will be & relatively simpie matter to make such changes,

B. Main deflection magne

Figure 13 is a drewing showing detalls of construction of the
deflection magnet emptoyed in the 60°, 1.5-inch instrument, The magnet
poles were cut from Alnico V rings and the yoke turned from Armco iron,
A photograph of the sssembied megnet is shown in Fig. 14, The end
shields which sid materislly in the reduction of the stray field are
shown st the sides of the magnet, With the shields in plece, the stray
field has its maximum value on the lines from magnet to source or
colfecior, At 3.5 feet, this value is epproximately (.3 ganwmas as

moasured with a rubidium magnetometer, Without the shield pletes, the

value is spproximetely SO0 gammes.

The magnet without shield pletes weighed 26 ounces. The weight of

the four shield plates was 10,5 ounces. Thus the total weight of the



|
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magne! assembly was 36.5 ounces = 2,3 pounds. It would be worth
examining the design of the magnet to see if the weight could be cu!

without reducing the field in the gap or increasing the stray field.

C. Electronic Circuits

In order to carry on the tests described in the present report, a
set of electronic circuits wss constructed. In part, these ;-ere direct
copies of circuits employed for other spplications in the laboratorys
in part they were circuits which would also serve 1o tes! new developments

which might be applicable to the probiem at hend, In some cases, an effort

. was made to rccuce the power consumption to a minimum in recognition of

the fact that this would be & serious problem in the uitimate design. In
nc case was any effort made to reduce weight (except for certain components
undergoing test), and units were mounted on standard relay rack size chassis
or panels, All units operated from 12v DC power sources., This voltage
fhisppens to be the one chosen in our iaboratory as the Input potential for
transistorized amplifiers, high voltage power supplies, etc. The units
could just as well have operated from a 28 volt source if the power
transformers had different windings, In a8 breadbosrd modei, this change -
wou id be made,

1. Electronic amplifier

Fig. I5A is a schematic diagram of the high-gain -inverse.feedback
eiecirometer Tube awpiifier used In all the tests, As an input stage, o
pair of 0(5889.electrmter tubes sre used in 8 differentisl circuvit, The
remainder of the clircuit is transistorized. The gesin of approximately

8,000 incures both a nigh degree oi iinearily and & Tas! lime response.

The large dynamic roenge permits hanaling of Signeis 6s (67ge a5 o0 voiiss

On the other hand, the background noise is less then one mitiivoit so

[ )
Tube reploecing obsolete CX5886 shown in circult diesgrem,
' 15

1
|
|
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. one can detect relatively small signals. The tota! powsr consumption
of the amptifier is approximately one watt, Numerous smplifiers of
this design have been used in our {sboratory for the past few yeers,
and two were emplioyed in a mass spectrometer sent into the upper
stmosphere with an Aerobee-Hi rocket last spring., Although the shot was

s faifure for other reasons, the smplifiers functioned perfectly, With

] !0'0 ohm input resistor, the time response was sufficiently fast fo

permit a8 scan over the mass range 12 to 50 every two seconds.

2. lon Acceleration Supply

Fige 158 shows the circuit for s laboratory power supply used for
accelerating ions. The output voitage is adjustable and covers the
range 200 to 1,000 volts, Teps are provided for the focusing efectrodes,
.ll and "'2‘ There is siso provision for the plates of an electrostatic
analyzer if one wiéhes to test double-focusing instruments such as the

. . {]
one earlier descnbed' )

« By meens of a motor-driven potentiometer,
spectra can be scanned slowly as in Figures B, 9 and 12, Fast sweeps can
be obtained with the condenser discharge sweep arrangement shown,

Fige 15D is a circuit for a high voltage supply which gives an output
voltage which veries between 1,000 and 200 -voits with a8 time constant
determined by the condenser chosen, Repetition is sutomstic. No relays
are required.,. A unit similar to this could be employed for actual flights,
The base drive, {x - 7y}, 15 cbisined from ancther unit such as from Fig. I5C.

3. Electron Emission Regulator

Fige 15C is a schematic diagrom of an emission regulator employed in

"most of fhe iaboralory tesis, in eddition ic LKoiGing ihe emission consiant

Oy PTOVIGIING & TEYuIGive Curigni v Tie specitometer Tiismeni, inis uni

B 1)

A




_aleo furnishes voltages for accelerating the electrons, for trapping

“provides potentials for the electrons snd the ion repeller, The total

~ REORDRR Mo, £.2-5%
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them in the electron trap and for repell’ng the ions from the ionizing
region, While this unit consumes only 6.7 watts when heating & 3 mil
‘ungsten wire filsment, we do not consider this to be a high efficiency
unit, It was intended only for laborstory use,

Fige I5E is & disgram of an emission regulstor unit which has o

considerably higher efficiency then the one just discusseds 1t, too,

power ihput for this unit, together with the ion sccelerating supply of
Fig. 15D, is 2.9 watts, These circuits clesriy ere worth considering for
adopfipa.

D. Gas Sampling and Pumping System

According to the specifications given, one should expect the Martisn
stmosphere to contein essentially the same constituents as our own
atmosphere, but in abundances which may be somewhot different, In any

event, one should prepare to find a mixture of chemically reactive gases

such as oxygen or nitrogen and inert geses‘such as argon.. This places
severe limitations on. the kind of pumping system which can be employed, .

One possibitity which suggests itself is not to employ any pump at

- all, -Instead, in planning for the snslysis, one might consider the

following sequence: (1} evacuste. and seal spectrometer before it  leaves

earth; (2) open to spsce during journey to Mars--this will keep it

- evacuated; (3) close just before entry to Martisn atmosphere; (4) allow

a-definite smount of the atmosphere to enter the spectrometer through a

meterina svstems (5] make analysis usina the mass spectrometer staticaily

-— r——

/7
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and3 (6) telemeter data t0 bus.
while in principle this system should work, it pleces severe
restrictions on parts of the system, For example, the metering system

must be very precise, Too large 8 somplie would flood the specirometer;
too small 8 sample would result in loss of sensitivitys Also the
sempting must be done at the correct time—one has only one oppor tunity,
Further, the volume of the spectrometer tube should be as large as
possitle in order that the sampie may be correspondingly large, Even
with a spectrometer volume as large as | liter, the amount of gas required
to give a pressure o!_ ‘0-5 forr would be only spproximately IO’5 cc at NTP,
It is doubtful that the volume could be increased much sbove this value
without increasing the weight by an objectionable amount,
If the spectrometer is to be run dynamically, ¢ pumping system must

be employed. The likely presence of both active and inert gases makes

an ion sputter pump appesr attractive, Even so, the pumping speed for inert
gases is far below that of the active ones, This difference in pumping
speeds can be compensated for in part by pumping on the magnetic analyzer
snd having a very smait slit sepsrating the {on source snd snalyzer region.
Even this may not be too helpful since it is doubtful that the weight and
stray magnetic field restrictions will permit the use of a sputter pump
‘which has a speed of more than a few tenths of a {iter per second for e
gas such as nitrogen, Weveriheiess sputier pumps have features such as
tow power consumption and simpliclity, which make them very attractive to
us in this progrem,

Unfortunately there is no commerciei proguc! avaliatie %o

would meet the weight snd stray magnelic iieid spect
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}; ‘, probiem, Thus we considered it worthwhile to fook info the possibility
of designing a sputter pump which might make use of the magnet alreo"dyk
present as on integral pert of our apparatus. The field in the alr gep
of our test magnet is 3500 gauss. As can be seen in- Fig. I3, without
pole faces there is a gap of 0.373 inches, which may bde suf-ﬂcient for
8 sputter punp. 1€ in the construction of the magnet, one cut the poles

from an Alnico ring heving 8 smaller inside dismeter then employed here

and employed pole faces no wider——or even narrower--than in the present
. |
design, there would be next .to the main gap an air gep of 0.373 inches. 1

The field would be spproximately 2000 gsuss. While this megnetic field 4

would have sufficient strength to operate e sputfer pump {commercial pumps i
-employ 1300 gasuss, or thereabouts), it is not certain one could design o
cell structure which would give a ressonable pumping speed and e!so
' permit the pump to function over a large pressure renge, 7
To examine the feasibitity of employing & pump which would mske use
of our magnet, 8 test pump was constructed. The det’ails are shown in
fFig. 16. The anode and cathode structure uould. fit into the magnet ‘gap
anticipated. This structure, mounted on a flange, is shown on the right
side of the photograph, Fige. (7. The left side shows the housing used
for the tests, The pump wes mounted to “the sﬁme valve mmffold block
os the spectrometer {see Fig., 11). Thus one could connect the pump in
parailel with the mercury diffusion used for evacuatip§ the spectrometer |
and compsre the pressure resding of the Veeco ion gaﬁge on the mercury |

pump with the current drawn by the sputter pump, In these fests the
sputter pump received its power from & Varlan type 921-0011 power supply

whose output voltage is 3400 voits. An electromagnet, not shown in

Fig. Il provided the magnetic field,

17
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Fige 18 shows tha! the response was linesr ‘up to e pressure of at

least 5 x 10”2 torr. The spparent departure from lineesrity for pressures

5

obove 5 x 10"~ forr is believed due to outgessing of the pump 1t hed

not been properly baked before the tests, At the fowest pressures {3 x |O.B

_torr) reached during the tests the pump remsined in operastion., Clesrly,

performance st the high and fow points will have to be investigated
fur ther,

The use of the manifold block permitted one to shu! off the mercury
diffusion pump and observe the effect on the specirs oblained. With both
purps in parallel and the sir fiow set to give 2 pressure reading of
2 x 10'-5"1orr in the mercury pump {ine {this was also spproximately the
pressure in the ion source) one obtains a spectrum similsr 1o that of
Fige 12, but of course less intense due to ihe {ower pressure, l.f now the

. *_ .
volve to the mercury diffusion pump is closed, the 28 peak (llz } incresses

in intensity by a factor of aspproximetely 8. The mercury pump system was

- estimated to have a speed of spproximately 5 {iters/sec. Thus the sputter

© pump appears to have 8 speed of approximastely 0.6 liters/sec. On the

other hsnd, the 02’ rose by a factor of only 1.9, and the 40 pesk tar’y
by a factor of 75, The behavior for Ar is not surprisings the pumping
speed for oxygen may be somewhat higher than generally observed .for sputter
pumps, Aflthough the results were reproducible, we are not certain that

the valving system msy not héve introduced some systematic errors in

the messurements, Such errors, if present, would only effect the numbers

obtained. Qusfktatively, the resutlts would not change.

[

! Is clear from these test’s, zs we!l 3s from previcus knowledge,

- - - - -

Clem i DB s S S—— ottt s S-S e B ool et S, st o D e B 0 e
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reasonabiy quantitative information, the pumping speed for the severasl

20
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geses should be determined primarily by an aperture rather than dy the
pump, This condition could be met by making the pump part of the

snalyzer housing and by separating the ion source region from the
ensiyzer. The only passage between the two regions would be the siit

in G‘ which defines the ion beam. At some expense of sensitivity, the
siit could dbe made both shorier and nerrower thsn in the tests performed
to date. If this slit were cut to 0,004 x 0,08%, it would have o

pumping speed of 0,02 liierslsec. for air. Offhand, it eppears doubtful
the;t in an actual flight mode! meeting the weight specifications, one
could employ & pump having as iasrge sn anode siructure as used in these
fests, Perhaps half the size would be ressonsble., Thus one might
‘reasonably expect s pumping speed for ", of 0.2 t0.0.3 liters/sec, Th s
would not be enough more then the speed of the aperture to make the
overafl pumping speed of the systemvtruly independent of the discri’miuaiion
effects of the sputier pump, While one ardbitrarily could apply correction
factors btased on -iaboratory tests for the various constituents expected,
it‘ is likely that the calibretions would depend upon the previous histofy
of ‘the pump and hence one could not rely on them, Hence it w@y be
unrealistic to hope for full achievement of the precision of snslysis
stated in the specificetions for the problem,

Becouse of the severe limliatiions in time it was not practical to
work on ihe gas admission srsfesz. Nevertheless p few conﬁnnts are in order,
Under optimum conditions s molecular ficw type {eak would asppeesr to be
the best type to use, With it one would be assured that the gas sempling

process wouid be free from Giscriminetiione Furiherasore, lhe flow woutld

b 2~z -

be a linear function of pressure, Ceridiiiiy @ oo oric o=t aae—I=

the interests of simpliclity and weight conservetion 8 two-stage admission

21
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system does not appear feasidle., Thus the moleculer leak would have
to operate with a very high pressure drop. This, coupled with the low
pumping speed of the wvacuum system, woulc mean that extremely
small leak holes would have to be employed--smailer than used in
instruments now on the market, '_lo doubt mesns could be devised to make
such holes, However, extreme care would have to be tsken to pro'ect the
holes against being plugged by microscopic dust particles,

should it not appesr practical to develop a satisfactory molecular
leak, we believe one should not overlook the fect that a viscous leak,
although it has disadventages, can give highly setisfectory results and

3,4

has been successfuily used in & number of applications™® , A simple lesk

such as described by Halsted and Nier‘ can be adjusted to fit the pressure

‘range expected., While not so susceptible to plugging as the moleculer

leak, one would, as & precaution, employ two or more such  leaks in parsilel
and carefully protect the inputs by suitable filters,

In conclusion, the following comments may be in order, We seriously
question whether at this stage of deveiopment one should dpe too concerned
sbout whether the flow is molecular, viscous, or something in between,

The gases expected have roughly the seme molecular weights, and at worst
one would have 8 discrimination proportional to the square root of the
moleculsr weight, Thus if one assumed C02 end "2 to be -the heaviest ;nd
{ightest gases .respectively for which one sought accurate dats, the

W2 (.25, Thus if one

largest discrimination factor would be {(44/28)
arbitrarily assumed a discrimination factor of (.12, one wou{d-make an

error of only 12 percent 14 under the sempling conditions the fiow should

N - . [
TOEpLif 10 we e e ey, —:3.52:’7. - "“’-!?—%‘l{'—_&‘.,__;e.,’.!._‘.!!‘.lg_"“
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would know the flow characteristics of sny fesk emolioyed better then

this, When one couples this consideration with the fact slready discussed,
namely the difficulty of obtsining & pump system which may no! have far
more serious discrimination characteristics, it does not sppesr profitable
to purs.e 1ﬁe leak prot.tem too fer, especially if this effort came at

the expense of work on other phases of the problem which at this time

_appeer more serious. In our case, it would seem wore profitsble to devote

effort ‘o the pumping problem, the development of relisble electronics,

and other aspects which mey determine the success or failure of the

‘project and to return to the {eak problem at a leter date,

111. A PROPOSED BREADBOARD DESIGN

A. Mass Spectrometer and Purping System

This wouid be a2 60°, 1.5-inch instrument essentially like that

‘described under 11-A-3. The colliector assembly would be repisced by a

- very simple lightweight unit with a shell just large enough to accommodate

tbe collector itself, The source sssembly would be retained essentially
as in the test unit, To provide the differential pumping, the parts would
be built on a base plete fastened to the -snalyzer tube. The source would
be covered by a thin shell welded in plece,

The magnet woutld be similar to that described in section 1i-B and
shown in Fige 13. The inner diemeter of the ring from which the Alnico
poles are cut would be smaller to provide s field region for » sputter

pump which would be attsched inside the bent analyzer tube, Hopefully

an anode arep at [east half of that used in the test pump could be employed,

The entire vacuum h.bushg would be mounted in 4 magnesium block to

Wnich wouid 8i1SO De affeched The various €ieCifONIC Circiuiias o T

overail package we visualiize » rectanguier peraileiopiped having o shape

i
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i . approximating a cigar box and meeting the volume fimitations given in

PP

-m’

the specifications, The various electronic units would te bolted and

cemented to the same block and mounted in such a way as to minimize

length of leads, efc. Except for metal needed to insure rigidity and
provide shielding, excess material would e cut out of the block. Thus
when complete it would resemble an empty cigar box having several

partitions and bosses for fastening components,

B.  Electronics

We propose circuits similar to those discussed esrlier, The amplifier
would be essentislly like that described. However, to conveniently
present signais having as lerge a range of intensity as expected, some
compression means must .be ccnsidered. One arrangement would be to stftach
some device which would reduce the signal to s logarithmic one or some
. other convenient form. In connection with another mass spectrometer
problem, we have developed a successful amplifler wﬁlch includes »
variable attenuator. ]t may be that sn sdaptation -of this would be
employed in the present instance, Unfortunately there was not time to
fully explore the proplem,

For an emission regulator, we propose the low power one built for the
design study (Fig. I5E). For scanning the spectrum we propose » circuit
similer to that shown in Fig. 150, This circuit will -equire additiones!
engineering., We know, for example, that the bleeder chein has 3 far
higher resistance than necessary, A lower resistence would reduce

difficulties caused by leskage currents in the Schockley diodes.

€., G2z Inle! Syslem

—_— — I

we wosiu plopose severail viscous lesks, such as pinched tubes in

‘ perailel, and protected by & filter at the input end. A thin diephregm
would cover the entrance unti{ the vehlcle was out of the earth's atmosphere.

2¢4

e e e s T
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when sufficient altitude was rea'ched, the diaphragm would be ruptured

by some device such as 8 squib-operated knife, Thus during the flight
between planet— the leak could act as & very fow pumping-speed pump
and take care of outgassing of the sysfem, Alternatively, one could
defer breaking the diaphragm until the capsule actustly entered the
Martian atmosphere. This might place tor much of & tots! foad on the
sputter pump and wouid heve to be investigated further, 1t does not
seem one can make a firm decision until! one knows more about the space
craft itself--the danger of contamination from steering rockets or
other sources, The JPL specifications give no information on this

- poht.
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\ ‘:" D. Power Consurption and Weight
Power consumption for the several units is estimated to be as followss
Electrometer tube amplifier l.o.
Emission regulator and ion acceleration power supply 2.9
Sputter pump power supply operating at 10-> torr 0.3
Addition to smplifier to produce logarithmic or
other modification of signel O.1
Total 4.3 watlts
Total weight of the unit is estimated as followss
Mass spectrometer tute with sputter pump but without
main magnet 0.7
Main magnet complete with shields 2.3
Hollow magnesium dlock with internsl shields and
brackets for mounting all equipment 1.6
Assume G-sided box of magnesium, 6" x 9% x 3%,
wall thickness 1/16", Assume shields and
brackets weigh as much as shetl,
‘ : Gas leak plus squib mechanism , _ D, 1 )
- o 4.7 4.7 1o,
Electronic Suppliess
Electronic tube amplifier, inciuding ST , 2
possibie logarithmic modifier i _ ;g&
{omplifier = 0,2 lb.,\mdiﬁer = 0.2 1b, 7} o ] g
Emission reguletor od
Ion acceleration power supply Y | =
Sputter pump power supply 2 «3
. Base drive power supply and input converter A Y |
Epoxy resin for sssembly .2
Mounting termingls _ ‘ oi
2.5 2.5 b,
Totel weight | 7.2 tb,

)
This figure can be cut to 0.5 watts st the expense of some

"__, compiications.
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IVe SUMMARY AND DISCUSSION

On the basis of the present study, as well as previous experience,
it sppears quite practical to design and construct 3 moghetic dgflecfion
mass specirometer which wilf either meet or come close to meeting the
specilicatiens set down in the work sta:ement, There remain a number of
problems, the sofution of which w'il determine the ultimate success or

'{ailure cf the project, 7 |

The most serious of these is probably the refiability of the
electronics associated with the mass spectrometer, -Particularty vuinerablie
are the electrometer tubes used in the ion current measuring system, In
general, electronic apparatus is less likely to faii if it is left turned
on., However, the chance of failure of an electrometer tube during the
fong journey to Masrs is so great that it would probably be best to leave
the amplifier turned off until sctual snalyses sre to be started.

If a relisble solid state substitute for the (K5889 tubes became
available, this obviously would materially increase the éhances of success,
Alternatively, if an eiectron muitiplier existed which met the weight
specifications and could be relied on to maintain & sufficientiy high gain

so that one could count individual ions, we obviously would have a very

happy situation both from the standpoint of sensitivity and from the esse
of processing the dats, Electrometer tubes could ‘then be omf!ted entirely.
Even if one could not have an electron multiplier with sufficient gain to
permit the counting of individusl ions, a'!ow-g;in-muleiptler with a

stable gain might sti{l be used es a substitute for an efectrometer tube.

- .4 - - e d - 1% _ 3 . . N '
ii vs doubiiui, nowever, ii{ ong could be sure the! the galn would no!
[
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( fact that the sencitivity of the input stage depends upon the type of
. : ion which impinges, The calibration would probably chance with time,

" In the timited time availabie for the design stucy there wss no
opporiunity to check the reliability of the circuits at different
temperatures or if they are sutject to temperature cycles, Cleariy such
studies are imperative before any final design or instrument is adopted.

" In the present study, it was not possibie to find time 10 develop an
amplifier which would compress the signal to give, for example, & logarithmic
response, ond which would meet any reasonable specifications for reliability,
This, too, requires further study,

A possible snswer to the electronic reliability quchn.wculd be to
actualily have » duplicate set of electronic circuits which would be switched
into place automatically if the spectrometer did not give an output signal

( at the time one was expected. If one were to consider duplication it might
‘ , suffice to have s duplicate ion measuring circuit only since this is
-certainily the most vulnerable part of the c‘ircuHry. |

The 3 mil tungsten wire spectrometer source Hlament should be adequate

for the job., A similar filament has been employed in mass spectrometers
developed for upper atmosphere investigations and no difficulty has been
encountered with burn.out. The relatively {ow power consumption as compared
with that for a heavier filaement is an attractive feature, While one might
g2 to an even Jighter ﬂlemen; and hence cut the power even further, we are
not prepared to recommend such a step &t this time, The risk of burn-out

may be too great. Since.experience along this line is limited, tests are

in the present siudy, sliention wes finaily ToCuUSEd Gt @ Gug
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In the discussion in section 11-D no account was taken of the

improvement in resolution resuiting from reducing the slit in G, for the

|
purpose of giving a more predictable pumping speed, While there will be
some improvement in resolution, it surely will not be a linear effect,
since we are aspproaching the point where aberrations due to a variety of
causes are playing & more significent part in determining the ultimate
resolution, It is to be noted that the reduction in sensiﬁvity-resulﬂﬁg
from & reduction in slit sizes will not be a problem other than puHing e
-more-serious strain on the ion current detector, In a certain sense the
pfesent instrument is “over designed® so far as sensitivity and resolution

are concerned, and a reduction in size and weight seems quite feasible,

Moreover should further consideration of the discrimination problem,

. resulting from non-precictable pumping speed and sampling, lead to e

relaxation of the specification on accuracy of snalysis, there 35 no doubt
whatsoever but that an additional reduction in weight could be accomplished.
In conclusion, the present study shows that a magnetic defiection
instrument sppears practical for the Investigation of planetary .atmospheres,
Rather than dissipate time at present in attempting to reduce the weight
through a reduction in 'size as mentioned as a possibility atove, we would

urge that as 8 next step in the investigation, a breadboard model ve

constructed, This would make possible actual stuydies of re!?eb!!itf,
accuracy, sensitivity and other factors of prime Interest, from such a
study one would also have s much better evaluation of the actual weight of

a preclicel inslrumenis, Tl &ddilionsl RKnowiedge gained on ail especis o7 -

e U@ meablem emeld om=bis zoe 4s prEdic? smch FoTE stTurolely IhE effeci of
‘ changes in design which may sppear desirable,

REORDRR Mo, £2-5 42

' woulc nct change weight by more than a negligible amount,
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Special thanks are due R, L, Howard and S. W. Nelson who were
responcible for the electronic designs, Re B, Thorness who designed and
supervised mos?! of the mechanicasl construction, and D. G. Seal who carried

out most of the experimental work,
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Figure 1
Schematic drawing of 90°, two inch radius of curvature mass
spectrometer showing ion source and collector assemblies, Filament is
of 0.003" fungsten wire in shapé of hairpin, Slits in S, G', 52 ond 63

have dimensions 0.080" x 0.312*, 0.010" x D.4%, 0,020" x 0.4, 0.040" x G.2%,

- respectively, Split focusing plates J‘ -and .32 are. separated by 0,040%,

Separation between R and S is O, (40", between S and .J'-. JZ’ 0.080",
between.Jl, .}2 and G', 0.140" and betiween Gl ana 62. 0.300". As is
cusfomary in instruments of this style, plate £ shead of collector is
maintained Aa1 a negative potentiasl and supresses secondary electrons
emitted either from edges of slit in Gy or from collector C due to ion
bombardment, | A pair of small bar magnets mounted on sides of eiectron
beam (not shown in figure) collimate the electron beam. The strength

of the field in the region of the efectron dbesm is approximately 500 gauss

. and inftuences the speclfic.sensitivity of the source. The yaristion

in sensitivity between tests is due primerily to the fact thet the field

was not eiwsys the same,

>3
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Fige 2. 90°, 2-inchoredive spectrometer tube complete with
megret but witheut lon source end collector sssendlies. Mag-
netic shielids ot ends of megnet have been removed to meke
megnet poles visidie., 6-inch rule indicetes spproximete size,

Fige 3. Seme plcture oo Flg. 2 encep? megnetic ohlelids cover

open ports of megnet yoke. 3S
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Fige 5. lon source sssembly., 6-inch ruler indicetes epproximete
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Fige 7. lon collector sssembiy,

epproximete slze.
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Fig. 8. Spectrum of alr tekem with 90°%; i’.imwé‘
Tastrument, Pressurs in Ton source 3 x. 1078 torr,
Electroa trsp current 400 pa, Alrl!ﬂcr input m!stor
3 lo'° oetms, Asplifier ocutput ls attenuated to give fun
scale deflections as noted under chert, Thus the 28

peak glves a deflection of 13.2 volts, eorrespond!ng

o _

to an fon curreat of 13.2/10 = .32 x. lo enperes
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Fige 11, Mess spectrometer tube complete with deflecting
mognet, but withou! emplifier or connections to electronic
units providing power to lon source. Tic instrument is
bolted to velve dlock in lower left querter of picture,
The smell sputter m described leter ond shown in Figs,

i195 and 16 is shown mounted on top of the velve block,

¢S




: b M +
, “ - s 4 H L ! ! . A '
S . L v - o .
. ' . , ? . i "
5 t Ay 3 ’ . ’ L N ,.. ; ; Vo ‘s.:
R , Lo ' ; .»....... -, 5 -
! ; ! - @ o :
. ‘ : £ ’ 4 i . ’
' ! ' LA o
’ N ‘ .0 . . . \ i . .
b tE . — " + . . M N s
F i . v " Can i ) . L
A‘/ - > o ti.‘-. . - _ ) 0 .
; , 0 ) . |
.’ 4 - _ ..p R TAPN B o ' I_; 4 hl -4 -4~ N . ] ”
n -t [ Iy (2 444 BRL L + 4+ H- Y- - i »
*«“_ -+ i rT T | |
p L LT L 44 4+ 41+ “ :
4 . e ) ' . .
[ F U G AYAﬁvAIL - o . } f ” : N
[ LT T A P T e AR R R T ! [
-+ b . be : - rH. 4= y 1 m i ) , v
- | - A NV S O } 2 i N ¢
. I ,
+ ! 1 1
- b Vm Y S T v -, .
! -t e -~ = the B8 Y

I
!
i
kY
3

g 4
.
tr
i
158 GALE
i
i &
e
1
-— ,I
N [
JRE
1 7T
+
it
b of
T
T
L
P S
-~ et
| L
b ¢
i ¥ 1
»-—-—ﬂ»v‘
T
LT :
TTTIIR : ¢
) : . ;
X g :
#gss specirum of alr teken with 60°, I S.lach-

v
T
L

I
i
T

i

1

) i .
T V. i.r L b M L ! , —, .,
b e L - &l N
o Lt fodeb - 44 ..j...iv Lo . @. )
ag bt e ...r.m + ) . y i i

Aplifier input resistor

Amptifier output !s'..nemtec to give futt

.8 walts, corresoonding te en loa -

redlus Instrument, Pressure In lon source, 5 x to‘fc'torr, '

R
™
w
,rrw iy . -4 e - . .N R (. 4 V. ,,,..,
% B} : ‘ | . Oy B - N .
¥ L e rﬂ.ﬁ; N N N = IR Hﬁ;k,?x- }- . .m w4
s oy . . f l<l“.. f_v - gf..r - B T s i ~4. . ] ¢ ,
- oL Bt R izsss, Y
R RS NETeN s == A FRSEARs AN Shesa R NN I e
. i . b l«.#“ﬁ-ﬂﬁiw = - w» b »M . " L | ” 3 i m . - 6 ‘___' . -
R i i . Wl Wl i ol b el s Sl el B . MR - 5 ,
» - i ..l Al ] B S S h‘ ¥ e . ,:r | ,
" ,,f. w #-mﬁh W‘ NN N R I W .dA s thw rnw. : ‘,.A_.mmm T . m ” m .
s e s e L et S R IR A %
N ’ Y i N SR Ledadd - ; vt b w e s .
1 444+ T + bt et Ly ot 4+ bt b g V{\ : P . _
. ‘. oy - - . e - 1. - A b Tk . b4 . e
o nu. w,. w Mnn..u. -+. L § 4t rwr« N g - - y e “ r-?
b e R R e T < o m m §4 .
SR ks st gesechie e mectl LMD AT
,” . | N ] U S ¢ - “ K _M
s w .xﬁ YM* ] .r.,er.LW ﬁ» w . .ﬁ.f rT.LLAT li ] B Tr% Wvﬁlﬁw ,mlr + F ' l'l ﬂ m ) (% __w
A L g WOE BN E ) RERE IR - SRS . . _
| ES1zaud aas pEnnq Knsen Na 2t 18R A TANEI RHAR] NAOES I |
o , S }
@ m R’ \
n e A ~ . __
) !
. , m
!




REORDRR To.c2-5%21

AR

NOW! QONEY

Nomr eoNwY | | mowd @04
| K OWNTy | NN T104
Noal aoowav | awos iareewy
TIWRLON 7y ,

_dWESN WaO4

RIS S

TRUDS §I0d BI04

&~ @ NoiLIEs

usy
"

(Biv ™ @TvNg WOND M
4076 40 §/1) LOTS WE Y OI/E

‘QBsw & ‘o8 g ¥
B4V QTRING

RS S L57%

us L1

ssSsSss¥iBzzzz)

-

NOBI QOB - WLWN
4WNASN UNOA

——

§3
WV VL9 804 P48
(9) THwEQ (V¥I)sBy

¥ V624

. W eedt] corag | Sorrte owH s winn [ s T e e B NOILD. SOOI 10,/ MdA OME
a\nzﬂhnm‘L FIAE- /i wn! NMBO LY Pan | mowmmmnyt | Sl Sy o 4049 ¢ otH..ou.iu i ~
f " St } (L Y LR ) o ' . T4
L o | wewemwmean | -4 Wi aim o 1| i S ANYYE 3384 8104
$NBind 40 ININLEVEIG TINg rem it B L T e » ur
. S L) -
1 wsoem FEN B TN el
o NILIWONL NS JLINOWN ¥ 1 00 N - - I
LINO GBQTIRINS e 19300 ooy sae08 eown Sinsie -~

=

e A 4

o

() marsinc § vise
V) sNeNw & 9

‘08w &
‘GO NIV p/18 BE-8

|
|
_w
_
|
|
!
|
‘

‘avae v
‘$°°6 N W15 9E-9
ON #8-9 dui
(B) TWYa (W) vke
f

*
I

VE-9 Vo4 FINTNT)

4N Uhde?

@ e R,

(®) THEO(r*1) 48w

-




Fige 14, Magnet employed in 60°, |.5-inch instrument., The
pole sides of the yoke which completely enclose the magnetic
region sre shown removed. These shields ere very effective

in reducing the strey field of the megnet.
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Fige 17. Photogreph of test sputter pump corresponding to
*"" shown in "'. .’.
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